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Assay of Phenytoin: Adaptation of "EMIT" to the Centrifugal Analyzer Paul R. Finley, R. Jane Williams, and James M. Byers Ill
We describe adaptation to the centrifugal analyzer of the homogeneous enzyme immunoassay ("EMIT' ') for phenytoin (diphenylhydantoin). The assay was modified to give greater range and sensitivity, and less reagent is needed.
Precision and accuracy are excellent, and results correlate well with those by gas-liquid chromatography; the slight systematic bias is of no clinical significance.
Measurement of phenytoin (diphenylhydantoin) in serum
is used as an aid in managing treatment of patients who are subject to generalized epileptic seizures (1) , to increase the efficacy and safety of therapy. The manufacturer recommends that the EMIT system be run with very careful automatic timing. The instrument suggested for use in analysis of urine and serum samples is the Model 300N spectrophotometer (Gilford Instrument Co., Oberlin, Ohio 44074). A timer-printer and a small automatic diluter (Syva Corp.) for the purpose of semi-automating the system is mandatory.
Certain predilution steps are required, and assay time is exactly 80 s. The immunoassay of phenytoin has been shown to give a very close correlation with gas-liquid chromatography (6, 7). A recent report (8) discusses measurement of phenytoin with a centrifugal analyzer and reports the adaptation of the EMIT system to the centrifugal analyzer. The reagents were prediluted; pipetting into the transfer discs was manual. The reported coefficient of variation was between 5 and 10%, depending on thermal conditions. A pre-incubation time of 3 mm was used. There was no mention of correlation with results by ultraviolet or gas/liquid chromatographic methods, nor was the sensitivity of the assay mentioned. We wished to adapt the EMIT assay of phenytoin to a centrifugal analyzer and to avoid the use of manual pipetting into the transfer discs. We also wished to expand the range of the assay substantially more than the present 2.5 to 30 mg/ liter, because we not only must measure phenytoin as a drug of abuse in patients, but also must measure phenytoin halflives.
Materials and Methods

Apparatus
We performed the immunoassays with an "Aminco RothChem II" centrifugal analyzer (American Instrument Co., Silver Spring, Md. 20920). Calibrators. A series of serum standards containing phenytoin in concentrations ranging from 0-30 mg/liter are provided as a lyophilized serum-based preparation.
We prepared another set of standards from our own stock diphenylhydantoin solution.
The standards were made up using a stock solution added into a commercial control serum ("Chemvarion"; Clinton Laboratories, Santa Monica, Calif. 90404).
The gas-liquid chromatography method of Barrett (9) 1. The buffer is diluted twofold with water.
2. Reagent A is diluted 10-fold (rather than fivefold) with buffer.
3. Reagent B is diluted 10-fold (rather than fivefold) with buffer.
4. After dilution of Reagent A and Reagent B, these are allowed to set at room temperature for at least 1 h. The dilutions may be used for as long as five days if stored at 4 #{176}C. 
Results
Standard
curve. Figure 1 is a plot of the standard curve obtained with use of the centrifugal analyzer. The range has been extended so that the standard curve encompasses values from 1 mg/liter to 70mg/liter. Figure 2 shows the relationship between absorbance change and time of reading, for a series of concentrations.
These data were obtained by use of Kinetic Rate I tape, supplied by the American Instrument Co., which allows the user to take nine absorbance readings at equal intervals chosen by the operator.
There is a slight nonlinearity between 15 and 45 s; the curve then becomes linear. The 3-mm reading time ensured an adequate absorption change, for reasonable sensitivity.
Precision.
Within-day and day-to-day precision for phenytoin measured on both the gas-liquid chromatograph (Table  1 ) and the Aminco Roto-Chem II (Table 2) (7), in which the authors discuss the correlation between the en-zymatic immunoassay as done by the recommended technique on the Gilford instrumentation vs. gas/liquid chromatography done in a standard manner. The t -value of 3.81 shows a definite but small difference in the two means.
Interferences.
Bilirubin concentrations up to 150 mg/liter did not affect results of the assay. Extremely lipemic sera also had no effect. There was, however, a significant suppression of absorbance by hemoglobin. The following interferences were noted: at a hemoglobin concentration of 5000 mg/liter, 70%; at 2500 mg/liter, 55%; at 1250 mg/liter, 10%; and at 1000 mg/liter or less, no interference.
Discussion
The measurement of phenytoin is of great value clinically. Measurement by gas/liquid chromatography is slow and may be difficult technically.
It also requires at least 1.0 ml of serum, whereas the modification of the EMIT system proposed uses only S microliters in the assay. The EMIT technique is simple, rapid, and many samples may be processed at one time. The accuracy is quite satisfactory.
Our reproducibility is somewhat better than that reported by Booker and Darcey (7). Our modification increases the detectable range over previous immunoassay techniques and is reliable from 1-70 mg/liter.
There is a slight systematic proportional bias when comparing EMIT assay to gas/liquid chromatographic assay.
The slight bias is not significant clinically. The greater dilution of the reagents than recommended by the Syva Corp. diminishes the expense of the test. The use of Chemvarion has proved very effective as the base serum for our own standards.
The standards prepared in our laboratory compare extremely well with those supplied by the company. Up to 10 sera may be analyzed in 5 mm; reagent cost per sample is about 404, as compared to $1 for the standard EMIT procedure.
When we performed the assay in a kinetic mode, we ohserved nonlinearity for the first 45 s. To ensure complete linearity, we therefore read the absorbance change from 45 to 225 5, a total elapsed time of 3 mm. The specificity of the antibody has been shown in this assay. This is particularly important because patients taking phenytoin are often taking other drugs as well. The only interference we have observed is that of hemolysis, and this appears to be a very substantial problem.
